On the scale of dwarf galaxies, several tensions between observations and the theory of structure formation have been identified in the Local Group of galaxies. One of them, the plane-of-satellite problem describes the distribution and motion of dwarf galaxies around their hosts being planar and co-moving. To extend these studies, we have surveyed the nearby Centaurus group and found again evidence for co-rotation within a planar structure of dwarf galaxies, posing a challenge to the current ΛCDM paradigm. To further study the distribution of satellite systems around other galaxy groups, we have tested MTO -a program to detect astronomical sources -and found that it works well in combination with surface brightness fluctuation distance measurements to get a complete sample of dwarf galaxies. Such an approach will improve the census of dwarf galaxies in nearby galaxy groups, bringing the study of the small-scale problems to a solid statistical foundation.
Introduction
In recent years, several discrepancies between the observations of dwarf galaxies and the ΛCDM model of galaxy formation have emerged. Most of these, like the missing satellite problem (Moore et al. 1999) or the too-big-to-fail problem (Boylan-Kolchin et al. 2011) , have been studied mainly in our own galaxy group, i.e. the Local Group. While these tensions with the ΛCDM model can be alleviated by the inclusion of baryonic physics (Simon & Geha 2007) , a more general problem arises with the distribution and motion of dwarf galaxies around their hosts. Around the Milky Way (Pawlowski et al. 2012 ) and the Andromeda galaxy (Ibata et al. 2013) , the dwarfs seem to be aligned in planar structures which seem to co-rotate. Comparing this to ΛCDM simulations, where rather close-to isotropic distribution and random motions are expected, such observations should be very rare (Ibata et al. 2014) . Estimations range from 0.1 to 10 percent per host galaxy to find such structures in a ΛCDM universe (Pawlowski et al. 2012; Cautun et al. 2015) . This tension is now called the plane-of-satellite problem (see the recent review of Pawlowski 2018) and is extensively discussed in the literature (Pawlowski & Kroupa 2013; Banik et al. 2018; Bílek et al. 2018; Pawlowski et al. 2019; Santos-Santos et al. 2019; Libeskind et al. 2019) . Whereas the missing satellite and too-big-to-fail problems are set on the scales of a few kiloparsec -where indeed baryonic feedback plays a crucial role -the plane-of-satellite problem is mainly set by the total gravity of the systems -extending over hundreds of kiloparsec -, thus feedback within galaxies should only play a marginal role -the baryonic solutions do not help alleviating the plane-of-satellite problem (Pawlowski et al. 2015) . Therefore, it is imperative to study other galaxy groups to assess whether this problem persists, or whether it is just a peculiarity of the Local Group. The task is therefore three fold: a) search for hitherto undetected dwarf galaxies in other galaxy groups; b) measure their distances and velocities; and c) compare the groups to cosmological simulations.
The Centaurus group
We have undertaken a dwarf galaxy survey employing the Dark Energy Camera mounted at Cerro Tololo in Chile. Covering a 500 square degree field, we searched for dwarf galaxies within the Centaurus group -consisting of Cen A and M 83 -one of the closest galaxy groups in the southern hemisphere with a mean distance of 4 Mpc. Based on their surface brightness, their sizes, their colors, and their morphology, we harvested 57 new dwarf galaxy candidates (Müller et al. 2015 (Müller et al. , 2017a , roughly doubling the known galaxy population in this group.
To further study the Centaurus group in more detail, we have started to follow them up using FORS2 mounted at the Very Large Telescope (Müller et al. 2018b . Under excellent seeing conditions, we have resolved the upper part of the red giant branch (RGB) of 11 dwarf galaxies in the Centaurus group and measured their distances with the tip of the RGB (TRGB). This TRGB serves as an excellent standard candle, yielding an accuracy of ≈5 percent. This allows us to study the three dimensional structure of Cen A in more detail. Combining our distance measurements with HST data by a complementary survey (Crnojević et al. 2016 (Crnojević et al. , 2019 , we find an overall flattening of the satellite system, as it was previously suggested (Tully et al. 2015; Müller et al. 2016) . Moreover, using line-of-sight velocities for 16 dwarf galaxies, we again find signs of corotation around Cen A (Müller et al. 2018a ). Comparing the flattening and the velocities of the dwarf galaxies to cosmological dark matter simulations yield similar results as for the Local Group planes (Müller et al. 2018a) , with it appearing at the 1 percent level. This makes it the third case out of the three best studied systems to date, begging the question about their possible origins.
Hunting for dwarfs 3 3. An automatic approach to LSB detection Our 500 square degree survey was based on tedious visual inspection, which took months of work to scan through. While we assessed our completeness and efficiency with artificial galaxy experiments, such an approach is still prone to human error. Fortunately, there were many advances in LSB detection over the last few years. One of the most encouraging is the development of MTO (Teeninga et al. 2016 ) -a max tree based detection algorithm -originally created for medical image analysis. We have tested this algorithm on ≈5 square degrees DECam data around M 83. The exposure time was enough for measurements of surface brightness fluctuations (SBF), which is anotherless accurate than TRGB -way to determine distances. We have scanned the image first by eye, then have applied MTO on it to produce an initial detection catalog, consisting of all significant sources in the image. By making photometric cuts in size and surface brightness, we reduced the initial detection catalog to ≈20 dwarf galaxy candidates. All previously known dwarfs were detected, plus a handful of new candidates. By applying SBF, we could reject all but one dwarf galaxy as background objects. The remaining detection is indeed a new ultra-faint dwarf galaxy in the Centaurus group (Müller et al., in preparation) . Interestingly, while in projection very close to M 83, it is actually a member of Cen A and lies within the plane-of-satellites.
Outlook
While it is encouraging that the same phenomenon is found around Cen A, there is still a lack of data. On the one hand, multiple dwarf galaxy candidates in the Centaurus group are still missing distance and velocity information. For the latter, MUSE IFU data for an additional 14 targets around Cen A is now being analysed and should soon yield some results. On the other hand, there is a demand to survey other galaxy groups for dwarf galaxies. Several such surveys are now being conducted, either with public available data (Müller et al. 2017b (Müller et al. , 2018c Bennet et al. 2017; Carlsten et al. 2019) or dedicated surveys (Javanmardi et al. 2016; Greco et al. 2018; Taylor et al. 2018; Cohen et al. 2018; Rich et al. 2019) . Such surveys will undoubtedly uncover a plethora of dwarf galaxies, enabling us to extend our studies to new shores.
